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© A torque compensated camshaft for operating a 
valve of each of a plurality of valves of an internal 
combustion engine, the camshaft having an elongate 
shaftlike portion and an engine valve operating cam 
for each of the valves, the valve operating cams 
being spaced apart from one another along the 
shaftlike portion. Each of the engine valve operating 
cams has an outwardly projecting portion, and the 
outwardly projecting portions are circumferentially 
offset from one another about the longitudinal central 
axis of the camshaft. The camshaft also carries a 
compensating cam surface, either in the form of an 



FIG. 12 



outwardly facing surface of a separate compensating 
cam or an inwardly facing surface of a portion of a 
drive sprocket which is keyed to the shaftlike por- 
tion. The compensating cam surface is adapted to 
be followed by a spring biased compensating cam 
follower and has portions which introduce torque 
pulses into the camshaft which are synchronous with 
and oppositely directed with respect to the torque 
pulses that are introduced into the camshaft by the 
engagement between the valve operating cams and 
spring biased followers which engage such valve 
operating cams. 
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FIELD OF THE INVENTION 

This invention relates to the use of cams in 
mechanical systems. More particularly, this inven- 
tion relates to a camshaft for an internal combus- s 
tioh engine. 

BACKGROUND OF THE INVENTION 

A camshaft for use in an internal combustion 10 
engine of a type having spring loaded cam follow- 
ers experiences a series of oppositely directed 
torque pulses during each revolution of the cam- 
shaft. The positive-going portion of each pulse oc- 
curs as a result of the need to apply torque to the T5 
camshaft to cause each of its operating cams to 
rotate against the force of the cam follower during 
the opening of the valve which is operated by such 
cam follower, and the negative-going portion oc- 
curs as the result of the application of an oppo- 20 
sitely directed torque to the camshaft as the op- 
erating cam resists the force of the cam follower 
during the closing of the valve. 

The resulting torque pulsations in a camshaft 
introduce an undesirably high level of backlash. 25 
vibration, noise and wear into the camshaft and the 
elements that drive it, especially with respect to an 
intake camshaft which is phase adjusted relative to 
an exhaust camshaft, and especially when the use 
of roller cam followers reduces friction along with 30 
its biasing effect on the torque pulsations. 

SUMMARY OF THE INVENTION 

According to the present invention there is 35 
provided a camshaft for an internal combustion 
engine which is substantially self-compensating for 
the torque pulses which the camshaft otherwise 
experiences during its normal operation. A cam- 
shaft according to the present invention incorpo- 40 
rates an extra cam, that is, one more cam than the 
number of engine valve operating cams which are 
incorporated in the camshaft. The extra cam has a 
configuration which is complementary to the effec- 
tive composite configuration of the cams that are 45 
engaged by the engine valve operating cam follow- 
ers, and the extra cam is followed by an extra 
spring loaded cam follower, that is, a cam foltower 
that does not operate one of the engine valves. The 
configuration of the extra cam of the camshaft Is so 
such that the torque pulses which result from its 
engagement with the extra follower are substan- 
tially synchronous, equal in magnitude, and oppo- 
sitely directed with respect to the torque pulses 
which result from the operation of the engine 55 
valves. 

Accordingly, it is an object of the present in- 
vention to provide an improved camshaft for use in 



a mechanical system. More particularly, it is an 
object of the present invention to provide an im- 
proved camshaft for an internal combustion engine. 
Even more particularly, it is an object of the 
present invention to provide a camshaft for an 
internal combustion engine which experiences net 
torque pulses of substantially reduced magnitude 
during its normal operation. For a further under- 
standing of the present invention and the objects 
thereof, attention is directed to the drawing and the 
following brief description thereof, to the detailed 
description of the preferred embodiment of the 
invention, and to the appended claims. 

BRIEF DESCRIPTION OF THE DRAWING 

Figures 1A and 1B are schematic views illustrat- 
ing the contact at different points during the 
rotation of a camshaft between a single-lobe 
cam of the camshaft and a roller type follower 
for operating an engine valve; 
Figure 2 is a graph of the torque pulse exper- 
ienced by the camshaft of Figures 1A and 1B 
over a cycle of operation of the camshaft; 
Figure 3 is an isometric drawing of a camshaft 
having an operating cam and a conjugate, 
torque compensating cam; 
Figure 4 is a graph illustrating the torque pulsa- 
tion pattern experienced by. a camshaft of a dual 
overhead camshaft, 4-cylinder engine over one 
camshaft cycle; 

Figure 5 is a graph illustrating the torque pulsa- 
tion pattern experienced by a camshaft of a dual 
overhead camshaft. V-6 engine over one cam- 
shaft cycle; 

Figure 6 is an end view of a conjugate, torque- 
compensating cam for a dual overhead cam- 
shaft. 4-cylinder engine, with a spring loaded, 
pivoted roller follower; 

Rgure 7 is an end view of the contour of a 
conjugate, torque compensating cam for a dual 
overhead camshaft, V-6 engine, for use with a 
spring-loaded roller follower; 
Figure 8 shows the torque pulsation pattern ex- 
perienced by a normal camshaft of a dual over- 
head camshaft, V-8 engine equipped with roller 
cam followers; 

Figure 9 is an end view of the contour of a 
torque-compensating cam for a dual overhead 
camshaft, V-8 engine, for use with a spring 
loaded roller follower; 

Rgure 10 is a schematic view illustrating the 
engagement of the compensating cam of Figure 
9 with its cam follower; 

Rgure 11 is a graph of the torque pulsation 
pattern applied to its camshaft by the com- 
pensating cam and cam follower of Rgure 10; 
Figure 12 is a perspective view illustrating a 
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preferred embodiment of a camshaft according 
to the present invention for a dual overhead 
camshaft, V-8 engine; and 
Figure 13 is a perspective view of a camshaft 
driving gear for an alternative embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Figures 1A and IB illustrate the interaction that 
occurs between a single-lobe cam C and a roller R 
that follows the cam as the camshaft rotates about 
its axis. The follower member that mounts the roller 
R is spring loaded by a spring S so as to urge the 
roller R into contact with the cam C. In the im- 
plementation depicted in Figures 1A and 1B. the 
cam C is used to operate an engine valve by a 
rocker arm A that mounts the cam-following roller 
R at one end and engages the end of a valve stem 
V at the other end. A pivot P for the rocker arm is 
fixed with respect to the cylinder head H, and the 
valve spring S is trapped between the cylinder 
head H and the end of the rocker arm A opposite 
the roller R and is in continuous compression so as 
to maintain contact of the roller R with the cam C 
during a cam cycle. 

Assuming negligible friction, which is a valid 
assumption for an engine with roller cam followers, 
the contact force of a roller brought to bear on a 
cam is a force perpendicular to the local contact 
surface of the cam. This is shown in Figure 1A for 
the case where the roller R has started up the flank 
of the rise side of the lobe L of the cam C. The 
moment arm of the contact force F is distance "e" 
measured from the camshaft axis, and the resulting 
moment is given by the product Fxe, a moment 
opposing the rotation of the camshaft. The conven- 
tion adopted here is to define this as a positive 
torque. With further rotation of the cam C the roller 
R reaches the high point of the lobe L. the contact 
force vector intersects the camshaft axis, and the 
moment arm M e" goes to zero. At this point the 
moment or torque is zero, and with further rotation 
of the camshaft the torque changes polarity as 
shown in Figure 1B. 

In Rgure 1 B, the camshaft has rotated until the 
roller R starts down the fall side of the lobe L. Then 
the moment produced by the contact force is -F x 
e, opposite in direction to that of the moment 
produced in Figure 1A, and acting in the direction 
of camshaft rotation. With further camshaft rotation 
the roller R reaches the base circle of the cam and 
the moment again goes to zero and stays there 
until continued-rotation brings the lobe L again into 
play. 

Friction losses in an engine are reduced by 
using roller type followers for the cams on a cam- 



shaft. This practice reduces the continuous drag 
torque acting on a rotating camshaft. 

For a camshaft such as that shown in Figures 
1A and 1B carrying a single cam C with roller 

s follower R. the variation in the torque experienced 
by the camshaft as it rotates through a complete 
360 " cycle is illustrated by the curve in Rgure 2 in 
which the horizontal axis represents torque. The 
practically constant, frictional level of torque has 

to been neglected in this figure and in those that 
follow. 

For a cam that produces the torque pulse 
illustrated in Rgure 2, a conjugate cam can be 
devised that will produce a synchronous, opposite 

is pulse, equal in phase and amplitude but opposite 
in polarity. Such a cani 20 and its conjugate cam 
22 are shown mounted together on a shaft 24 in 
Rgure 3. By correctly indexing the conjugate cam 
22 on the camshaft 22 and suitably loading it with a 

20 spring loaded roller, an effective cancellation of the 
torque otherwise acting on the camshaft is ob- 
tained. The residual frictional torque is lacking the 
pronounced disturbances that otherwise are a 
source of noise, vibration and harshness. 

25 For the cam C as illustrated in Rgures 1A and 

1 B, the base circle is at the minimum radius of the 
cam and the nose of the cam is at its maximum 
radius, the base circle of its conjugate cam is at its 
maximum radius, and the region of minimum radius 

30 corresponds to the nose of the primary cam. 

A camshaft from a DOHC 4 cylinder engine 
has 4 cams spaced at 90* intervals. The pattern of 
Figure 2 is repeated four times per cam cycle. 
Since this pattern extends beyond 90 " of cam 

35 angle, some merging of the pulses will occur. 
Thus, during one rotation of such a camshaft a 
series of four sine-like sub-cycles of torque pulses 
will result as illustrated in Figure 4. 

For a DOHC V-6 engine a camshaft has three 

40 cams spaced at 120* intervals. The torque pulse 
pattern for such a camshaft as shown in Rgure 5 
and consists of three pulses over one revolution of 
the camshaft. 

A torque-compensating cam 30 for a DOHC 4- 

45 cylinder engine is a 4-lobe cam, as shown in Fig- 
ure 6 along with its pivoting spring-loaded roller 
follower 32. Such a cam is used to generate the 
opposite of the torque pattern shown in Rgure 4 
and when included on its camshaft 34, effectively 

5a results in net torque cancellation. 

For a DOHC V-6 engine a torque-compensat- 
ing, conjugate cam 40 is, correspondingly, a 3-lobe 
cam as illustrated in Figure 7. The cam 40 is 
designed to provide the inverse of the torque pat- 

55 tern shown in Rgure 5. and its operation is entirely 
analogous to that depicted and discussed above for 
a 4-cylinder engine. 

Figure 8 shows the torque pattern for a cam- 
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shaft of a DOHC V-8 engine with roller type cam 
followers, taken from test results. The geometry of 
this engine results in unequal vaJve operating inter- 
vals for the valves operated by any one camshaft. 
There will always be two valves that operate only 
45* apart in the camshaft cycle. The result of this 
is a considerable overlapping of the pulses from 
these two valves. The observed result is a coales- 
cence into a single pulse. Therefore, the torque 
pulsation pattern for the full camshaft consists of a 
series of three somewhat irregular pulses per revo- 
lution of the camshaft, as shown in Figure 8. Such 
torque pulsations would normally result in noise, 
vibration and harshness in the operation of the 
engine, and produce backlash or dynamic loading 
in camshaft drive gears and chain lash in chain- 
and-sprocket camshafts. 

The nature of a single torque-compensating, 
conjugate cam 50 for a DOHC V-8 is a 3-lobe cam 
to be added to a camshaft 52 as shown in Figure 
12. The profile of such a cam is shown in Figure 9. 
Loading of the compensating cam 50 by a spring 
54, pivoting arm 56, and rollers 58 is shown in 
Figure 10. The torque history for the cam 50 is 
deduced under the same considerations described 
in the discussion of Figures 1A and 1B. During a 
cam cycle there will be 6 points at which the 
torque will be zero, 3 at the tops of the three lobes, 
and 3 at the 3 low points on the cam 50. Between 
pairs of adjacent null points the torque will be in 
the positive direction when the roller follower 58 
operates on the rising face of a lobe and in the 
negative direction when the roller follower 58 op- 
erates on the fall face of the lobe. The compensat- 
ing cam is designed so that the torque history it 
contributes to the camshaft, depicted in Figure 1 1 , 
cancels out the aggregate torque pattern of the 
engine operating valves which is shown in Figure 8. 

Illustratively, in a dual overhead camshaft V-8 
engine, each camshaft is required to operate one 
valve for each of four cylinders of the engine. Thus, 
such a camshaft carries four cams for operating the 
four valves of the four cylinders, one valve per 
cylinder. The valve operating cams of the camshaft 
are spaced apart from one another along the length 
of the camshaft and are circumferentially offset 
from one another to provide for the firing of the 
various cylinders in a proper sequence and at 
proper intervals. Because of the fact that a cam- 
shaft of the foregoing character has four valve 
operating cams, each of which sequentially imparts 
positive and negative torque pulses to the cam- 
shaft, the net torque which is experienced by the 
camshaft and by the various mechanical elements 
that are involved in its operation will be a compos- 
ite of the torque pulses of the individual valve 
operating cams. 

Figure 12 further illustrates the camshaft 52 



which has been designed for use in operating the 
intake valves of four cylinders in a bank of cyl- 
inders of a dual overhead camshaft V-8 engine. 
The camshaft 52. whose position relative to the 
s camshaft for operating the exhaust valves of the 
same cylinders and to the crankshaft of the engine, 
both not shown, is preferably phase adjusted by 
means, not shown, to enhance engine perfor- 
mance, comprises an etongate shaftlike portion 60 
10 with four intake valve operating cams 62, 64, 66 
and 68, respectively. The cams 62, 64, 66, and 68 
are formed integrally in a single piece with the 
shaftlike portion 60 and are spaced apart from one 
another in a series along the shaftlike portion 60. 
is The camshaft 52 is rotatable about the longitudinal 
central axis of the shaftlike portion 60. In that 
regard, a generally circular drive sprocket 70 is 
keyed to the shaftlike portion 60 of the camshaft 52 
to permit rotational movement to be Imparted 
20 thereto by a timing chain, not shown. 

As previously explained, the engagement of 
the cams 62, 64, 66, and 68 with their respective 
spring loaded cam followers will tend to impart a 
series of three, sine-like torque pulses to the cam- 
25 shaft 52, the drive sprocket 70, and the chain which 
engages it. In accordance with the present inven- 
tion, however, this tendency is substantially over- 
come by providing the camshaft 52 with the com- 
pensating cam 50 which is also formed integrally i»i 
30 a single piece therewith. The compensating can 50 
is positioned near an end of the shaftlike portion 60 
of the camshaft 52. away from the drive sprocket 
70. As is shown in Figure 10, the compensating 
cam 50 is adapted to be followed by a roller cam 
35 follower 58 which is rotatingly attached to an end of 
the lever 56. The lever 56 is pivotably attached to a 
fixed support 72 at a location between the ends of 
the lever. The other end of the lever 56 has a 
resilient force imparted thereto by the spring 54, 
4o which acts on a shaped contactor 74, so that the 
roller 58 is constantly resiliently urged against the 
compensating cam 50 throughout its rotation with 
the camshaft 52. The compensating cam 50 is a 
conjugate of the composite of cams 62, 64, 66, 68, 
45 that is. it will introduce torque pulses into the 
camshaft 52 which are substantially equal in mag- 
nitude, substantially coincident or synchronous in 
timing, and opposed in polarity with the torque 
pulses which are introduced by the cams 62, 64, 
so 66, 68. Thus, the resulting torque which is exper- 
ienced by the sprocket 70 and the timing chain that 
drives it will be relatively small. It is noted that 
there is some irregularity to the contour of the 
compensating cam 50 as the torque pulses from 
55 the cams 62. 64. 66, 68 will not be exactly equal in 
magnitude. 

Figure 13 illustrates an alternative embodiment 
of a drive sprocket 170 for use in the practice of 
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the present invention with an otherwise conven- 
tional camshaft, not shown. The drive sprocket 170 
has an open portion 170a which has an inwardly 
facing cam surface 172 with three radially out- 
wardly projecting lobes 172a, 172b, and 172c. A s 
spring loaded, radially acting cam follower, not 
shown, is positioned to follow the contour of the 
cam surface 172, and in doing so, will introduce 
three torque pulses into the camshaft that the drive 
sprocket 170 is attached to during each rotation of io 
the camshaft. Thus, the use of the drive sprocket 
170 in place of the drive sprocket 70 makes it 
possible to eliminate the compensating cam 50 
without eliminating its function, namely the function 
of introducing torque pulses into a rotating cam- is 
shaft which substantially offset the torque pulses 
introduced therein by its valve operating cam 
lobes. 

The present invention has been described in 
relation to a preferred embodiment in the form of a 20 
camshaft for operating a valve of each of the cyl- 
inders of a bank of cylinders in a dual overhead 
camshaft engine. It is contemplated, however, that 
the principle of the preferred embodiment, namely 
the principle of eliminating or reducing torque pul- 25 
sations in a camshaft by providing an extra, com- 
pensating cam which is a complement or conjugate 
of one or more of the operating cams carried by 
the camshaft, with a suitable biased cam follower 
to follow the compensating cam to thereby intro- 30 
duce torque pulsations into the camshaft which are 
synchronous with, and oppositely directed with re- 
spect to. the torque pulsations introduced by the 
operating cam(s), can be applied in any mechani- 
cal system which utilizes an operating cam on a 35 
camshaft. Further, in an automotive application of 
the principle of the invention, it is contemplated 
that it can be applied to camshafts other than those 
used in 1 intake, 1 exhaust valve per cylinder 
engines, particularly those having 2 or more intake 40 
or exhaust valves per cylinder. 

Although the best mode contemplated by the 
inventor for carrying out the present invention as of 
the filing date hereof has been shown and de- 
scribed herein, it will be apparent to those skilled in 4s 
the art that suitable modifications, variations, and 
equivalents may be made without departing from 
the scope of the invention, such scope being limit- 
ed solely by the terms of the following claims. 

so 

Claims 

1. A torque compensating camshaft for operating 
a cam follower in a mechanical system, said 
cam follower being resiliently biased toward 55 
said camshaft, said camshaft comprising: 

a shaftlike portion, said shaftlike portion 
having a central axis and being rotatable ar- 



ound said central axis; 

an operating cam carried by said shaftlike 
portion and being rotatable therewith, said op- 
erating cam being adapted to be followed by 
an operating cam follower and having an out- 
wardly projecting nose portion which is adapt- 
ed to impart periodic to and fro motion to the 
operating cam follower; and 

compensating cam means, said compen- 
sating cam means being rotatable with said 
shaftlike portion and having a compensating 
cam surface, said compensating cam surface 
being adapted to be followed by a compensat- 
ing cam follower which is resiliently biased 
toward said camshaft, said compensating cam 
surface of said compensating cam means hav- 
ing a portion which is positioned circumferen- 
tially of said central axis relative to said operat- 
ing cam. to introduce, upon the rotation of the 
camshaft, a torque pulse into said camshaft 
which is substantially synchronous with and 
oppositely directed with respect to the torque 
pulse which is introduced as a result of the 
following of the operating cam by the operating 
cam follower. 

2. A torque compensating camshaft for operating 
a valve for each of a plurality of cylinders of an 
internal combustion engine, said camshaft 
comprising: 

an elongate shaftlike portion, said cam- 
shaft being rotatable about the longitudinal 
central axis of said shaftlike portion; 

a plurality of valve operating cams spaced 
apart from one another along said shaftlike 
portion, each of said valve operating cams 
being rotatable with said shaftlike portion and 
having an outwardly projecting portion which is 
adapted to be engaged by a cam follower for 
the valve for one of the cylinders, the cam 
follower being resiliently biased toward said 
camshaft, the outwardly projecting portions of 
the plurality of valve operating cams being 
circumferential ly offset from one another with 
respect to the axis of rotation of said camshaft; 
and 

compensating cam means, said compen- 
sating cam means being rotatable with said 
camshaft and having a compensating cam sur- 
face with a plurality of circumferentially spaced 
apart, outwardly projecting portions, said com- 
pensating cam surface of said compensating 
cam means being adapted to be followed by a 
compensating cam follower as said camshaft 
rotates to introduce torque pulses into said 
camshaft which are substantially synchronous 
with and oppositely directed with respect to 
the torque pulses which are introduced by said 
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plurality valve operating cams as a result of 
the engagement between each of said plurality 
of valve operating cams and the cam follower 
which engages said each of said plurality of 
valve operating lobes. s 

3. A camshaft according to claim 2 wherein said 
compensating cam means comprises a com- 
pensating cam, said compensating cam being 
rotatable with said shaftlike portion, and 10 
wherein said compensating cam surface faces 
outwardly. 

4. In combination: 

a camshaft for operating a valve for each 75 
of a plurality of cylinders of an internal com- 
bustion engine, said camshaft comprising: 

an elongate shaftlike portion, said cam- 
shaft being rotatable about the longitudinal 
central axis of said shaftlike portion; 20 

a plurality of valve operating cams spaced 
apart from one another along said shaftlike 
portion, said plurality of valve operating cams 
being equal in number to the number of the 
plurality of cylinders, each of said valve operat- 25 
ing cams being rotatable with said shaftlike 
portion and having an outwardly projecting por- 
tion which is adapted to be engaged by a cam 
follower for the valve for one of the cylinders, 
the cam follower being resiliently biased to- 30 
ward said camshaft, the outwardly projecting 
portions of the plurality of valve operating 
cams being circumferentially offset from one 
another with respect to the axis of rotation of 
said camshaft, and 35 

compensating cam means, said compen- 
sating cam means being rotatable with said 
camshaft and having a compensation cam sur- 
face with a plurality of circumferentially spaced 
apart, outwardly projecting portions, said com- 40 
pensating cam surface of said compensating 
cam means being adapted to be followed by a 
compensating cam follower as said camshaft 
rotates to introduce torque pulses into said 
camshaft which are substantially synchronous 45 
with and oppositely directed with respect to 
the torque pulses which are introduced by said 
plurality of valve operating cams as a result of 
the engagement between each of said plurality 
of valve operating cams and the cam follower so 
which engages said each of said plurality of 
valve operating lobes; 

compensating cam follower means com- 
prising contactor means for following said 
compensating cam surface of said compensat- 55 
ing cam means as said shaftlike portion 
rotates; and 

biasing means having a fixed end which is 



fixedly positioned with respect to an engine 
block of the internal combustion engine, said 
biasing means resiliently biasing said com- 
pensating cam follower means against said 
compensating cam surface. 

5. A combination according to claim 4 wherein 
said elongate shaftlike portion and each of said 
plurality of valve operating cams are formed 
integrally in a single piece. 

6. A combination according to claim 4 wherein 
said compensating cam surface of said com- 
pensating cam means has three outwardly pro- 
jecting lobe portions. 

7. A combination according to claim 6 wherein 
said plurality of valve operating cams consists 
of three valve operating cams. 

8. A combination according to claim 6 wherein 
said plurality of valve operating cams consists 
of four valve operating cams. 

9. A combination according to claim 4 and further 
comprising: 

generally circular drive means non-rotatab- 
ly affixed to said elongate shaftlike portion for 
imparting rotational movement to said cam- 
shaft about the longitudinal central axis of said 
shaftlike portion. 

10. A combination according to claim 4 wherein 
said compensating cam means comprises a 
compensating cam, said compensating cam 
being rotatable with said shaftlike portion, and 
wherein said compensating cam surface faces 
outwardly. 
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